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 In the discipline of nanomaterials, the outstanding mechanical properties of nanoscale 
fibres and tubes (carbon nanotubes or CNTs) make them highly attractive as potential reinforcing 
constituents in polymer, ceramic or metal matrices. They are expected to form the next 
generation of advanced composites. However, achievement of high performance materials 
through this approach requires a fundamental understanding of the mechanics of nanoscale 
reinforcement, which may be quite different to micron-scale reinforcement. Single-wall CNTs 
(SWCNTs) appear ideal for use in material reinforcement with theoretical tensile strengths 
approaching 100 GPa. But, like most brittle materials, SWCNTs contain fabrication defects that 
lower their strengths below the ideal level. In many applications, multi-wall CNTs (MWCNTs) 
have been used due to their lower cost, availability, and ease of fabrication. MWCNT structures 
can vary widely depending on the fabrication process, and so MWCNTs are considered to be 
defective and disordered relative to SWCNTs, and to have lower strengths.  
 However, MWCNTs have the possibility of interwall coupling between the graphitic 
CNT walls, via the growth process or controlled irradiation. Molecular dynamics (MD) models 
show that interwall coupling improves interwall shear strength and load-transfer to the inner 
shells and compression buckling resistance. Calculations also predict the presence of strength-
reducing intrawall defects, with vacancies as likely candidates. However, MWCNTs grown by 
Chemical Vapour Deposition (CVD), which should contain a high level of defects, have 
strengths greater than either SWCNTs or MWCNTs with a more “pristine” structure. This 
strengthening is attributed to interwall coupling. In spite of significant experimental efforts to 
measure strengths of MWCNTs and various hypotheses on the influence of interwall coupling on 
mechanical behavior, no modeling work to date has investigated MWCNT tensile strength, 
perhaps the most important property for most mechanical applications.  
In this work, we show via Molecular Dynamics simulation that MWCNTs with sp3 
interwall bonding have fracture strengths exceeding those of SWCNTs containing the same size 
initial intrawall defect. Increasing interwall bonding also causes planar fracture rather than 
“sword-and-sheath” fracture. We further argue that MWCNTs with sufficient interwall bonding 
should have a minimum strength of 35-45 GPa. We conclude that the strengthening effects of 
interwall bonding can compensate for the creation of defects during irradiation, so that 
MWCNTs with interwall bonding can be preferable to even the smallest and strongest SWCNTs 
for use as mechanical reinforcements in composites. 
